Mycobacterium tuberculosis is one of most prevalent pathogens in the world. Drug-resistant strains of this pathogen caused by the excessive use of antibiotics have long posed serious threats to public health worldwide. A broader picture of drug resistance mechanisms at the genomic level can be obtained only with large-scale comparative genomic methodology. Two closely related Beijing family isolates, one resistant to four first-line drugs (CCDC5180) and one sensitive to them (CCDC5079), were completely sequenced. These sequences will serve as valuable references for further drug resistance site identification studies and could be of great importance for developing drugs targeting these sites.
Mycobacterium tuberculosis is one of the best-studied pathogens, because of its prevalence and virulence (2, 6) . In recent years, due to excessive antibiotic use, multidrug-resistant tuberculosis has become a serious public health threat in many countries and a major obstacle to disease control. Identifying the differences between drug-resistant and -sensitive strains will be of great help in drug resistance site identification. Toward this end, two closely related strains, CCDC5079 and CCDC5180, were sequenced using a whole-genome shotgun strategy.
CCDC5079 and CCDC5180 were collected from patients with secondary pulmonary tuberculosis at the same hospital in Fujian Province, China, in 2004. Spoligotyping results showed that they both belong to the Beijing family. However, they showed completely opposite phenotypes in drug resistance tests: CCDC5079 was sensitive to all four first-line drugs, while CCDC5180 was resistant to all four. We constructed two DNA libraries, of 1.5-kb and 3-kb fragments, for classical Sanger genome sequencing with automated capillary DNA sequencers (ABI3730 or MegaBACE1000) and constructed 200-bp DNA fragments for Solexa analysis. We obtained ϳ10-fold coverage with Sanger reads. The remaining gaps were filled by ϳ50-fold Solexa reads and PCR-amplified genomic fragments. Solexa data were first assembled with Velvet (7) and then combined with Sanger data using Phred-Phrap-Consed (3) (4) (5) . Complete genome sequences were annotated by our automatic genome analysis pipeline, including gene prediction by Glimmer (1), gene annotation by BLAST against different databases, such as the GenBank nt and nr databases and Swissprot, and gene function prediction with COG and InterproScan. Gene pathways were annotated with KEGG.
The CCDC5079 genome is a circular DNA of 4,398,812 bp, which is 21,165 bp shorter than that of the virulent H37Rv strain. The most unusual feature of this genome is the presence of high-GC repetitive DNA, which might explain the difficulty in sequencing. The genome size of CCDC5180, the drug-resistant isolate, is 4,405,981 bp. Global alignment showed that the two strains are highly conserved. Genomic annotation revealed three kinds of virulence factors in the two genomes. One kind is involved in metabolism and in vivo growth, such as pabB, ilvD, phoH2, etc. This type of gene plays critical roles in lipid metabolism and signal pathways. The second includes cell envelope-and cell wall-associated genes (including dim and pks), which help the pathogen escape or invade host macrophages. The last corresponds to the PE/PPE family, which shows extensive differences between attenuated H37Ra and virulent H37Rv. Interestingly, we found that the genes responsible for first-line drug resistance (katG, inhA, ahpC, kasA, and ndh for isoniazid (INH) resistance, rpoB for rifapentine resistance, embB for ethambutol (EMB) resistance, and rpsL and rrs for streptomycin (SM) resistance) exist in both genomes. In all, 949 single-nucleotide polymorphisms are observed in the coding regions. Among them, 30.3% are nonsense and 69.7% change the amino acid sequences, which makes them good candidates for identifying drug resistance sites. Our study provides a foundation for drug resistance site identification.
Nucleotide sequence accession numbers. M. tuberculosis CCDC5079 and CCDC5180 were deposited in the GenBank database under accession numbers CP001641 and CP001642.
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